published over fifty papers, mainly on therapeutic subjects. It is interesting to recall that Bruno Mendel's father introduced the perlingual application of drugs and was one of the first doctors in Germany to advocate intravenous injections as a simple, effective and safe procedure which ought to be widely used by the general practitioner. 'I made over 2000 intravenous injections without a single adverse effect' he could write in 1903 in one of the fifteen papers he published on the advantage of injecting intravenously various drugs in different diseases. He was one of the first to recognize the therapeutic value of a diet low in salt and he re-introduced the use of squill for certain cases of cardiac failure. This remedy had been known for cen turies but, due to the introduction of Folia Digitalis by Whitteridge, had been neglected and was in danger of being forgotten.
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Biographical Memoirs was seventeen, he enlisted in the Signal Corps from a sense of comradeship with the boys of his generation. He was on active service until he was wounded in December 1917. When he recovered, he studied medicine in Bonn, Frankfurt, Halle and Berlin, where he qualified and obtained his M.D. He then worked in one of the great teaching hospitals of Berlin Uni versity under Professor Goldscheider, and later he had in addition a successful private practice. During this time he introduced the use of leukotropin in the treatment of various inflammatory conditions, and devised a colorimetric micro-method for lactic acid estimation in blood. This is one of the three methods given by Peters and Van Slyke in their book on Quantitative clinical chemistry for lactic acid determinations in blood.
During this time he also made the observation that a dilute solution of glucose treated with concentrated sulphuric acid develops a bluish-pink colour, the intensity of which is proportional to the concentration of glucose. This reaction became the basis of his colorimetric micro-method for the rapid determination of glucose in blood.
One day Mendel realized that he was more interested in the lactic acid metabolism of one of his patients than in his general clinical condition. As a consequence he set up a small laboratory of his own in which he worked until he left Germany in 1933. During these years in Berlin he had close, one may say nearly daily contact, with O. Warburg with whom he discussed his experiments. They were mainly on the metabolism of the cancer cell. He discovered that glyceraldehyde completely inhibited the anaerobic glyco lysis in tissue slices and extracts of malignant tumours without affecting their respiration or the respiration of normal tissue, and further that this inhibition was reversed by pyruvate.
In 1933, the day Hitler declared the Jewish boycott, Mendel left Germany with his wife and three children, and he never returned. He went to Holland and set up a small laboratory in Bussum where he continued his work on the metabolism of the cancer cell. But he felt that Holland, too, was no longer safe. Bruno Mendel loved Canada. Yet he was often homesick for Europe. In addition, his position in Toronto, in charge of a department and yet not fully independent, did not really satisfy him. Shortly after the war he returned to Europe for six months on an exchange Professorship in Amster dam, and he was glad when, a few years later, he was offered the Chair in Pharmacology at Amsterdam University, which had become vacant through the death of Professor Laqueur. He was appointed in 1950 and was looking forward to many visits to London to attend the meetings of the Physiological Society. However, at the end of 1950, it became apparent that he was suffering from a serious illness. He underwent several major operations for regional ileitis; they had to be performed in spite of the fact that a few years before he had had a coronary attack. By carefully arranging his life and gradually giving up all other activities, he was able to continue his experi ments and he did so, full of enthusiasm, until the last day when a final coronary attack ended his life.
Mendel's best known work is probably that on cholinesterases, carried out during his stay in Toronto. This work is of particular importance for the theory of chemical transmission of nerve impulses by acetylcholine. It is not sufficient to distinguish between lipases, ali-esterases and cholin esterase. Cholinesterase itself consists of two different enzymes or two groups or families of enzymes, the 'true' and the 'pseudo' cholinesterase, and as Mendel showed, we can only assign to the 'true', the physiological role of the rapid destruction of acetylcholine when released in the body during nervous activity.
O ur present view of the two distinct types of cholinesterase is based on work from various laboratories, but the main work was carried out by Mendel and his associates. In 1943, they published, in quick succession, five papers under the common title 'Studies on cholinesterase'. The funda mental advances made in these studies can be summarized as follows:
(1) Methods of purification of cholinesterase preparations were devised so that their activities could be studied without interference by the common aliphatic ali-esterase.
(2) Specific substrates were introduced.
(3) The cholinesterases were classified in two distinct categories, the pseudo-cholinesterase (later also sometimes termed butyrylcholinesterase) and the true cholinesterase, to which later the name acetylcholinesterase was given. The classification was based not on the source of the enzyme, but on differences in their properties.
(4) The use of specific substrates allowed for the first time the quanti tative determinations of each enzyme in the presence of the other.
(5) It was shown that inhibitors could be selective for either cholines terase, and that complete inhibition of the pseudocholinesterase in the body did not result in reactions indicative of accumulation of acetyl choline.
(6) From the properties and distribution of the two enzymes and from the results obtained in vivo with selective inhibition of cholinesterase, the conclusion was drawn that this enzyme played either Biographical Memoirs no role, or only an insignificant one, in the physiological destruction of acetylcholine.
Mendel's concept of two main types of cholinesterases met with general acceptance. We may say further that without the introduction of specific substrates and without the correct way of classifying the cholinesterases and their inhibitors, the theory of chemical transmission of nerve impulses by acetylcholine might today have been in a state of confusion, or at least in great difficulties.
The two most important advances resulting from these studies, which were later continued in Holland, were the introduction of specific substrates and the recognition of the fact that inhibitors of cholinesterase could be selective for either the true or the pseudocholinesterase.
By not using acetylcholine as substrate, but different substrates for each cholinesterase-acetyl-/3-methylcholine for the true, and benzoylcholine for the pseudocholinesterase-he was able to estimate quantitatively the activity of each enzyme in the presence of the other, because the acetyl methylcholine was practically not attacked by the pseudocholinesterase and the substrate for this enzyme was resistant to the true cholinesterase, neither substrate being hydrolyzed by the common ali-esterase. This principle of using specific substrates has become the guiding one for all further modifica tions and advances in cholinesterase estimations.
The introduction of specific inhibitors made it possible to obtain accurate information about the distribution of the two cholinesterases in tissue extracts and body fluids. The first quantitative survey of this kind which Mendel, Mundell and Rudney carried out made it abundantly clear how misleading had been the previous approach of trying to classify cholinesterases according to the source of the enzyme. Their results with blood are illumina ting in this respect. They found that the blood of all species examined con tained true cholinesterase, and that in most species it was mainly located in the red cells, but that the plasma usually contained small amounts as well. And finally, in those species in which the red cells contained no true cholinesterase (birds) or only small amounts (cats), relatively large amounts of this enzyme were present in the plasma. Thus the statement often made previously that the red cell enzyme was the one and the plasma enzyme the other cholinesterase, was incorrect.
It is interesting to recall the heated controversy not so much about the results and classification as about the terminology proposed by Mendel for the two cholinesterases. Instead of the term 'true cholinesterase' the term 'acetylcholinesterase' is nowadays more commonly used to indicate that acetylcholine is the physiological substrate for this enzyme. Since the physio logical substrate for the pseudocholinesterase as well as its physiological function is still unknown, the various alternative terminologies proposed for this enzyme have not met with general acceptance. When Mendel coined the terms true and pseudocholinesterase, he emphasized a fundamental physiological issue. Originally the enzyme now called the pseudocholines terase was thought to be responsible for the destruction of acetylcholine in the body. This was the accepted view until 1943. The definition of the term 'pseudo' is false in the sense of 'wrongly held to be' and everyone who has been actively engaged in work on the physiological function of acetylcholine will agree that for a long time the pseudocholinesterase was 'wrongly held to be' the enzyme responsible for the rapid destruction of acetylcholine in the body. It was this physiological issue which was at the back of his mind when Mendel introduced his terminology.
It is no exaggeration to say that practically all histochemical methods used today for the localization of the two cholinesterases in the tissues make use of the two facts firmly established by Mendel and his co-workers, that there exist specific substrates for each of the two enzymes and that each of them can be selectively inhibited.
The study of selective inhibitors of cholinesterase led to the study of inhibitors of ali-esterases. These enzymes are found in animal tissue, micro organisms, plants and in neoplastic cells. There is probably no cell which does not contain this type of enzyme. Yet its physiological function or its natural substrate is unknown. Mendel has found that a number of organic phosphate esters which are inhibitors of cholinesterases are even more potent inhibitors of the ali-esterase and when he found that a rat is not adversely affected by prolonged and almost complete inhibition of its ali-esterase activity, he ask ed himself whether in the course of evolution the ali-esterases might not have lost much of their significance for the animal kingdom while retaining their essential role in the metabolism of lower forms of life. This concept led to the discovery in 1953 that selective inhibitors of ali-esterase inhibit the germination and growth of seeds, the growth of human tubercle bacilli and of malignant cells of a mouse lymphosarcoma in tissue cultures, but not of the non-malignant fibroblasts of the same lymphosarcoma or of other normal cells. During the last years of his life he was endeavouring to find non-toxic, more and more potent and more and more specific inhibitors of ali-esterase in order to study their effects on tuberculosis and on malignant growth.
'How does the Ehrlich ascites tumour obtain its energy for growth ?' This is the title of Mendel's last paper published in 1957 together with Kemp and again dealing with the problem of the metabolism of neoplastic cells. This paper illustrates well the way Mendel's mind worked and how he approached a scientific problem.
W arburg had shown in experiments with surviving tumour slices that a glucose concentration of about 200 m g/100 ml. was required for maximal glycolysis. The glucose concentration in the ascites fluid, however, was found to be much lower, only 5 to 7 m g/100 ml. So first Mendel and Kemp ascer tained that a concentration of 4 m g/100 ml. is sufficient for maintaining maximum glycolysis of the ascites tumour cells. The next problem concerned the source of glucose or the mechanism by which an adequate influx of
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Biographical Memoirs glucose into the ascites fluid was ensured. Again a simple experiment gave the answer. Ascites fluid was made cell-free by centrifugation, and 5 ml. were injected intraperitoneally into a normal mouse. Three minutes later the fluid was withdrawn; its concentration of glucose was found to have risen from 3 to 17 m g/100 ml. Although this increase would not fully meet the requirements of the cancer cells for maximal glycolysis under aerobic conditions, the tumour cells normally present in the ascites fluid would keep its glucose level low and thus further enhance the flow of glucose through the capillary wall into the ascites fluid. Yet there was still this problem: where does all the glucose come from ? Blood and liver of a mouse contain less than 50 mg glucose, but more than 500 mg are consumed in 24 hours by the cancer cells present in 5 ml. of ascites fluid. Again, Mendel and Kemp obtained the answer by a simple experiment. In the ascites fluid of a tumour bearing mouse the glycolyzing cells maintain a lactic acid concentration of 100 to 150 m g/100 ml. Mendel and Kemp injected 5 ml. of cell-free ascites fluid intraperitoneally into a normal mouse and showed that at least 13 mg of lactic acid were absorbed from these 5 ml. in 24 hours. Most of this lactic acid must be absorbed into the bloodstream and transformed into glycogen by the liver which will then replenish the blood with glucose. Thus the greater part of the glucose glycolyzed by the cancer cells will re-enter the ascites fluid and once more be available for glycolysis. In this way, the ascites tumour cells, like other cancer cells, are able in spite of their very great glucose consumption and in spite of the low concentration of glucose in the ascites fluid to derive the major part of their energy for growth from glyco lysis.
His work on cholinesterases and ali-esterases became of great importance to the research on war gases since many of them are potent anticholines terases but, when approached after the war to carry out secret work on this subject he refused. He held strong views on the question of secret research in peace time.
His mind was always occupied with scientific problems and whenever one visited him he had to tell of his most recent problem, how he intended to investigate it and what experiments he had performed. He could make his ideas come alive even to a layman. I wish I could convey the charm and enthusiasm with which he explained them. But what endeared him most to his friends and colleagues were the warmth of his personality, his capacity for inspiring affection, and a child-like quality which it was impossible not to love. And this intense enthusiasm he also brought into his teaching. Lectures were not a burden to him. He enjoyed conveying knowledge and sharing with the students his own personal approach to a problem. And when he felt he had been successful and the students had responded he was really happy. During his last years when it became more and more difficult for him to lecture regularly, it gave him a deep satisfaction that whenever it became known that he was going to lecture, the lecture theatre would be overcrowded; the students loved to hear him.
How his co-workers felt about him is perhaps best conveyed by quoting some passages written by Dr J. van Noordwijk, the senior member of his staff, after his death:
'His contribution to science was not confined to his own work: his keen criticism of the experimental and written work of younger scientists who worked under him contributed significantly to their scientific training. His thorough knowledge of the relevant literature enabled him to base their training on a broad foundation. His criticism was painstaking but never harsh; he was too kindly a man for that.
'Owing to his failing health, contact with his staff was of necessity more and more reduced to talks about the work. But his interest in their personal and human problems became immediately apparent whenever an important event occurred in their lives. A general conversation at his home-which was, alas, not often possible-was long remembered afterwards by everyone, even when the substance of the talks had been forgotten, because his wide knowledge and interests and the cultured atmosphere of his home made us feel that here was a bit of European civilization at its best.
'The enthusiasm and energy with which he continued his scientific work in spite of great bodily handicaps has left an indelible impression on all those who were in daily contact with him in the Pharmaco-Therapeutical Laboratory.'
The keen interest his wife shared with him in all his scientific activities and the unity of their marriage were an inviolable source of strength to him. It was this strength that enabled him to carry on as he did to the very end.
I should like to express my sincere thanks to Mrs Mendel for all the help she has given me. Without it I could not have written this memoir.
W. S. F eldberg
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